Abstract In this paper, a compact 5 poles Ultra-Wideband (UWB) microwave filter is designed by using a quarter wave short-circuited stubs. The UWB filter bandwidth is covered from 2.75 GHz to 10.0 GHz. This filter designed is developed from a Low Pass Chebychev prototype with a O.1dB passband ripple. The first pattern layout uses 5 vias connecting to the ground. This pattern layout is then re-arranged to reduce the total area space needed on microstrip by maintaining the optimum filter response. Finally, a compact microwave filter with 21 mm X 16.1 mm dimension is presented here with excellent scattering characteristic results. (Abstract)
INTRODUCTION
Since 1960's, researchers study many kind of methods, experiments and techniques concerning radio frequency (RF) and microwave signal. The main research was focused in expanding or widening the bandwidth of the signal [1] . Many countries involved in the world war had learnt that, technologies especially in communication were the main contribution to the victory. To [2] [3] [4] [5] [6] [7] [8] [9] . Band-pass filter using quarterwavelength short-circuited stubs promise a good wide-band frequency bandwidth [2, 3, 4] . However, the bandpass filters designed by quarterwavelength short-circuited stubs need connecting vias to the ground. These Recently, researchers perform a good solution to reduce the application of vias in the microwave filter circuit. Stubs are connected together to share on one single via [2, 3, 4] . This solution is quite simple however; the microwave filter must maintain the performance as before reducing the number of vias. Our filter designs presented here are better in terms of the configuration, bandwidth and performance.
III. DESIGN THEORY AND SIMULATION RESULTS
This design employs a low pass filter Chebychev prototype with 0.1dB pass band ripple. It is a quarter-wavelength (kgo/4) short-circuited stubs connected by transmission lines. The equivalent circuit parameter model prototype is shown in Fig For a given degree n, where n is the number of poles of the filter, the stubs depend on characteristics admittance, Yi and transmission line characteristics, Yii,+. All the above calculated values from g0 to g6, FBW, the substrate thickness and h (h is set at 1.5; it is a dimensionless constant to give a convenient admittance level of the interior filter) are applied into mathematical Equations from 1 to 7. reduced-size filter, return loss (SIt) can be improved better than -1OdB and the pass band frequency range can be tuned to suit the required FBW. In this task, the optimum performance of return loss is targeted to be better than -1OdB and the FBW at least greater than 100% to achieve UWB bandwidth. The new microwave filter pattern layout is shown in Fig.4 . The overall microstrip area has been reduced to 21.0 mm X 16.1 mm, almost half of length reduction.
Furthermore, the total quantity of vias is reduced to 3. All vias are located on 1.5mm x 1.5mm pattern layout. This is to prevent the stubs from damage during via insertion process. Fig.3 shows the scattering characteristics of the microwave filter. From the simulated results, it shows that the Ultrawideband response is obtained from 2.75GHz to 10.02GHz. The fractional bandwidth, FBW = 1.38 is obtained which is wider compared to the previous target value. The maximum peak of return loss (Sll) is -16 dB in the pass band. These peaks are found at 5.85 GHz and 7.75GHz. From the layout, the total length and width to fabricate into actual substrate are 41mm x 12mm. The transmission lines and stubs have the same dimension as previous in table II, except that the centre stub length and width are slightly tuned to 8.3 mm and 0.4 mm respectively. This is to keep the upper cut off frequency near 10 GHz. Fig. 5 shows the simulation results for a compact UWB microwave filter in Fig. 4 .
IV. REDUCED-SIZE UWB MICROWAVE FILTER
The UWB bandwidth is obtained from 2.72GHz to 9.94GHz. The fractional bandwidth FBW = 1.38, similar to the previous frequency response in Fig. 3 . However, the lower and upper cut off frequency is shifted slightly lower than the previous simulated result. The maximum peak of return loss (Sll) is at -14.88 dB at 9 GHz with the centre frequency of 6.33 GHz. The final dimension of the filter is 16.1mm x 21.Omm.
The microwave filter pattern layout as shown in Fig 2. can be improved to reduce the total size of the filter. However during the miniaturization process (performed by using EM software simulator [12] ), the overall performance of the microwave filter must be as good as the previous results shown in Fig.3 
V. CONCLUSION
A reduced-size and compact microwave filter for UWB applications has been demonstrated by using theoretical and simulation procedures. This filter will be fabricated using a commercial RT/D 5880 substrate and the final dimension for the filter fabrication has been reduced without degrading the overall filter performance. With our new pattern layout the number of vias is reduced to 3. With the small overall microwave filter size and vias quantity, the total development cost of the filter can be reduced.
